Objective: To investigate the association of family income at birth with BMI among young adults who have been followed since birth. Design: A birth cohort study. Setting: In 1982, all children born in Pelotas, southern Brazil, were included in a perinatal survey and visited at ages 1, 2, 4, 15, 18-19 and 23 years. Subjects: Cohort members (n 4297) were traced and interviewed in [2004][2005]. In all follow-ups, participants were weighed and measured, and BMI and prevalence of obesity were calculated for each age. Family income was obtained in minimum wages in 1982 and as a continuous variable, in reais, in later followups. Skin colour was self-reported in [2004][2005]. Results: Mean BMI and prevalence of obesity differed between males and females. In males, a direct relationship was found throughout life and among females this relationship was modified by age. During childhood, BMI was higher among girls from higher income groups and this association was inversed at age 23 years. At this same age, mean BMI among black women was 1?3 kg/m 2 higher than among white women, even after adjustment for current family income. Conclusions: The findings show in men that the relationship between income and BMI is similar to that seen in less developed areas, whereas among adult women the relationship is similar to that observed in developed countries. In addition to the effect of socio-economic status, skin colour also has an influence on the BMI of adult women.
Cross-sectional studies from both developed and developing countries have shown that the prevalence of obesity increases from childhood to adult age (1) . However, factors related to the occurrence of obesity at different ages may vary depending on a country's level of development. The relationship between socio-economic status and obesity has been the subject of some reviews (2) (3) (4) . These studies, which update and extend the review by Sobal and Stunkard (5) , showed that the current scenario differs slightly from the conditions found in 1989, with the inverse association between obesity and socio-economic level now being present among women from both developed and developing countries. Results among men are not as consistent, although a trend towards a similar association has been observed in countries with high human development index (HDI) (3) as well as in developing countries undergoing an increase in gross domestic product (4) . Whereas these latter two reviews include mainly cross-sectional studies, Ball and Crawford (2) reviewed the effect of different socio-economic indicators on weight change in adults. These authors concluded that the risk of weight gain is higher among individuals of lower socio-economic status compared with those of higher status (2) . It should also be noted that these reviews focused primarily on the relationship between socio-economic status and obesity among adults. Regarding childhood factors associated with the appearance of obesity in adult age, the authors of a different review (6) concluded that there is a consistent association between low socio-economic status in early life and increased obesity during adulthood. Given the abundance of definitions of overweight and obesity for children and adolescents, the literature is remarkably scarce in studies of their association with socio-economic variables. Using Cole et al.'s criteria (7) , Wang et al. (8) evaluated trends in child and adolescent overweight in countries with different levels of development, i.e. Brazil, USA, China and Russia. Their study showed that prevalences increased in the last decades of the 20th century in the first three countries, whereas in Russia overweight decreased during the 1990s. Whereas such increase was even across all income groups in China, it was greater among the rich in Brazil and among the poor in the USA (8) . A review of studies published between January 1980 and October 2005 showed that prevalence of childhood overweight increased in almost all of twenty-seven countries from which information was available, with the exception of school-aged children in Russia and Poland and infants and pre-school children in low-income countries. Overweight and obesity increased primarily in developed regions and among urban populations (9) . In addition to differences between men and women in terms of the effect of socio-economic status on obesity, there is some evidence for a possible effect of skin colour on this association (10, 11) . The aim of the present article was to investigate the association of family income at birth with BMI at different follow-up ages among black and white men and women belonging to the 1982 Pelotas birth cohort.
Materials and methods
The study began with a perinatal survey of all births that took place in 1982 in maternity facilities of the city of Pelotas, southern Brazil (12) . A questionnaire to gather information on socio-economic, demographic and healthrelated variables was administered to mothers while still in the maternity ward. Mothers were also weighed and measured, and the 5914 live babies whose families resided in the urban area of Pelotas were weighed, although length was not obtained at this stage of the study.
These children were subsequently visited at their homes on different occasions, and the methods used in these follow-ups have been described elsewhere (13) (14) (15) . In 1983, children born between January and April 1982 were visited, weighed and measured, and mothers answered a questionnaire that included information on health during the first year of life. The two subsequent follow-ups (1984 and 1986) followed censuses of the entire municipality conducted by the research team as an attempt to locate all children approximately 2 and 4 years of age, respectively, born in maternity facilities in the city of Pelotas. In 1997 and 2001, we attempted to trace roughly one-quarter of all cohort members identified in seventy of the city's 259 census tracts. In 2000, taking advantage of mandatory military enlistment for 18-year-old males, all recruits belonging to the 1982 cohort were identified and interviewed upon enlistment.
In 2004-2005 we conducted a further follow-up of the entire cohort, locating participants, now aged approximately 23 years, by means of a census of all of the city's households among other search strategies. These additional strategies also allowed us to trace cohort members who had moved out of Pelotas. For follow-ups conducted from childhood to adulthood, we used portable scales (CMS and SECA) and anthropometers (built locally) to obtain measures of weight and height, respectively. Anthropometric measurements were obtained using the techniques proposed by Lohmann et al. (16) and the interviewers were standardized according to these techniques. All methods were standardized, and quality control measures including regular scale calibration, repetition of 5 % of interviews and double data entry were also employed.
Verbal informed consent was obtained from guardians in the initial stages of the study. More recent stages were approved by the University of Pelotas Research Ethics Committee, affiliated with the National Research Ethics Council (CONEP), and written informed consent was obtained from all participants.
The outcome of the present study is BMI, calculated by dividing weight in kilograms by the square of height in metres, both obtained during each follow-up between infancy and 23 years of age. BMI values obtained in each of the follow-ups were treated as continuous variables in all analyses. For prevalence of obesity, we used the 2 Z-score cut-off for BMI/age based on the WHO growth curves for children and adolescents (17, 18) as well as those proposed by Cole et al. (7) . Prevalence of obesity at 23 years was defined as BMI equal to or greater than 30?0 kg/m 2 at the 2004-2005 follow-up. ANOVA was used to compare means of different family income groups (variable constructed by adding all incomes of household members at each follow-up, expressed as minimum wages or reais and classified in quintiles). In order to evaluate the influence of inequity on BMI at different ages, we calculated the slope index of inequity (SII). This index has been used to evaluate the magnitude of socio-economic inequities with respect to a given outcome. It also has the advantage of comparing the effect of different socio-economic variables or of the same variable throughout life. This index was estimated by means of a linear regression equation calculated based on the level of the outcome in each quintile of family income, and expresses the estimated difference in terms of BMI between the highest and lowest quintiles of the socio-economic distribution (19) . Skin colour was self-reported during the 2004-2005 follow-up according to the categories proposed by the Brazilian Institute of Geography and Statistics. We considered as 'black' (negro) individuals who self-classified as 'black' (preto) or 'mixed' (pardo). To determine the effect of skin colour on BMI at each of the follow-ups, we used linear regression, both crude and adjusted for family income at the respective follow-up.
Results
Success rates for each of the follow-ups have been described previously (13) (14) (15) . In 2004-2005 we were able to interview 77 % of all cohort members. In general, individuals born to middle-class families were easier to trace than those born in either the upper or the lower end of the social distribution. There were no consistent differences in follow-up according to sex, birth weight or skin colour. Mean BMI at age 1 year was higher for those who were followed up until adulthood (17?6 kg/m 2 ; 95 % CI 17?5, 17?7) than for the cohort as a whole (17?3 kg/m 2 ; 95 % CI 17?1, 17?5), but this difference was not observed for the follow-ups at 2 or 4 years.
We obtained anthropometric measurements for almost the entirety of interviewed individuals (99?7 %; Table 1 ). All women who were pregnant at the time of the interview were excluded from the analysis (twenty-three in 2001 and ninety in [2004] [2005] . Table 1 also shows that mean BMI was higher among males of all ages and that, even though levels were higher at 2 years than at 4 years, there was an increase in mean BMI after 4 years of age. This difference between males and females can also be observed with respect to the prevalence of obesity at different ages (Fig. 1) . Whereas obesity was more frequent among males during childhood, prevalence at 23 years was higher among females.
An analysis of the relationship between BMI at the various follow-ups and skin colour showed no differences among males (Table 2 ). However, mean BMI was higher among females with white compared with black skin at ages 2 and 4 years whereas the reverse was true at age 23 years, when black women were on average 1?4 kg/m 2 heavier than white women ( Table 2) .
The effect of family income on BMI at the various follow-ups is presented in Table 3 for males and Table 4 for females. A direct relationship between family income and BMI was observed among males of all ages (Table 3) and among females during childhood. On the other hand, an inverse association between income and BMI was observed among 23-year-old women, whereas no such association was detected among female adolescents (Table 4) . SII estimates showed that differences between rich and poor males were always positive, and increased in magnitude after age 15 years (Table 3 ). Among females (Table 4) , differences were positive during childhood and negative during adolescence and at age 23 years. Differences among men and women in this last follow-up were of equal magnitude, but in opposite directions. Similar patterns were obtained for the prevalence of obesity by income (see Supplementary Materials), although there is greater sampling variability in this outcome than for mean BMI. Table 5 shows the adjusted effect of skin colour on mean BMI. No differences were detected among white and black males of any age. Among females, whereas mean BMI was higher among white girls at age 4 years, at age 23 years mean BMI was 1?3 kg/m 2 higher among black women, and this effect was independent of family income. We also found a significant interaction between skin colour and sex (P , 0?001).
Discussion
The 1982 Pelotas birth cohort is one of the first such studies in developing countries to follow more than 4000 individuals from birth to adulthood (20) . Although this is a study with a prospective longitudinal design, many of its analyses have been cross-sectional, and numerous publications have shown the relationship between nutritional status and family income at specific ages (21) (22) (23) (24) (25) (26) . Based on these results, we have observed that children from richer families gain more weight during the first year of life (21, 22) and that childhood obesity is more frequent among families earning ten or more monthly minimum wages (23) . During adolescence, prevalences of overweight and obesity are also higher in higher income categories (24) . However, during adulthood, overweight and obesity prevalences are higher among richer men and poorer women (26) . Differences in mean BMI at different ages should be compared with caution, because the distribution changes with age and not only with weight (27) . It is reassuring that similar socio-economic patterns were also observed when the outcome was prevalence of obesity, rather than mean BMI. As expected, mean BMI decreased with age during childhood and increased again during adolescence. Unfortunately, we have no measurements between 4 and 15 years of age and are unable to document the onset of the adiposity rebound, a risk factor for later obesity (28) , as well as of the adolescent growth spurt which typically occurs up to the age of 15 years. Another limitation is the lack of an objective assessment of puberty.
The present analysis is aimed at consolidating our previously published findings by investigating the association of family income at birth with BMI at different times in life. However, our data do not allow for a longitudinal analysis of evolution of nutritional status, since different subsamples were studied at different times. Notwithstanding, based on an internal analysis of each subsample, we have shown that the difference between rich and poor increased in magnitude while maintaining its direction among males, whereas among females there was an inversion in direction during adolescence. Due to the small income-specific sample sizes, the standard errors are relatively large and the 95 % confidence intervals for any two income groups overlap. However, the 'P ' value for trend indicates that there are significant income gradients in mean BMI for all age groups among males and for most age groups among females.
Prior analyses of this same cohort have shown that the majority of individuals remain in the same socioeconomic group from birth to adult life (25) and that the prevalence of overweight among adults is more closely associated with family income at birth than with change in income from birth to adulthood (26) . Therefore, the differences reported in the present study are unlikely to be due to social mobility.
When studying this relationship only among children, an inverse association between economic status and overweight was clearly observable in the USA (29) . Whereas overweight and obesity increased primarily among urban populations and in developed countries (9) , this increase was equal among children of all income groups in China and greater among the rich in Brazil (8) . Our present results show a positive relationship between BMI and income during childhood for both sexes, which persists to adulthood among males but not for females, for whom the association is inverted. Whereas an inverse association was detected in the USA among female adolescents, the most recent nationwide survey, carried out between 1999 and 2002, showed an increase in prevalence of overweight among male adolescents from medium and high income groups, which all but eliminated the former inverse relationship between overweight and socio-economic level. Complex relationships during adolescence were also observed in the present study, even though data from a probability sample of all Brazilian adults (30) showed an association pattern typical of less developed populations, where overweight and obesity still show a direct relationship with socio-economic status (5) . On the other hand, when analysing this relationship among the Brazilian adult population, while overweight still increased with income among men, this association was less intense among women, with higher prevalence being detected in the intermediate income categories (30) . Such complexity was also detected in the present study, where mean BMI increase between 4 and 23 years of age was almost 8 kg/m 2 among men in the highest, and women in the lowest, income quintiles. By contrast, among men in the lowest, and women in the highest, quintiles of the income distribution, mean BMI increase was 6?8 kg/m 2 and 6?1 kg/m 2 , respectively. Men and women in the intermediate income quintile showed identical mean BMI increases (7?3 kg/m 2 ) between 4 and 23 years of age. The most recent review of the relationship between socio-economic status and obesity (3) included studies of adult populations (18 years or older) published between 1988 and 2004, updating the review by Sobal and Stunkard (5) . Based on these data, the authors found that the majority of associations were negative among women, with lower socio-economic level being associated with larger body volume. For men from countries of high or medium HDI, either no association was found or associations were negative for high-HDI and positive for medium-HDI countries. Only three studies including the male population of low-HDI countries found positive associations between economic level and obesity (3) . Our present results are therefore in agreement with the findings of this review; i.e. family income and BMI are negatively or inversely associated among women, and positively or directly associated among men.
Complex patterns in this association have also been found in studies from other developing countries (4) , or when analysing nationwide Brazilian studies (31) . A review of studies from developing countries has concluded that: (i) obesity cannot be considered a problem affecting only the highest socio-economic strata; (ii) there is a trend towards increasing obesity in poorer countries undergoing an increase in gross domestic product; and (iii) a change towards increased obesity among poorer women can be seen as a first stage in a country's economic development (4) . In Brazil, prevalence of obesity has been increasing among both men and women since the end of the last century, and this increase has been taking place primarily among the lower income groups. On the other hand, the evolution of female obesity trends indicates that the prevalence of obesity has been decreasing among women in the highest income quintiles (31) . Of special interest among our results are the finding related to skin colour. Because of intense miscegenation, the accepted approach in Brazilian ethnicity research is to ask about skin colour because concepts such as 'race' or 'ethnic group' make little sense (32) . There were no differences in mean BMI observed between men selfclassified as white, black or mixed in any of the various follow-ups. On the other hand, in adulthood black or mixed women were fatter than white women. Notwithstanding, black or mixed colour children were thinner than white children at age 4 years. Differences in obesity prevalence according to race have been detected in the USA (11, 33) , where they also occur to different extents among men and women (34) . However, higher prevalence of obesity has been observed in ethnic minorities since childhood (35) through to adulthood (33) . The effect of skin colour on nutritional status has not been as extensively studied in the Brazilian population; however, our present results, which show higher mean BMI among adult black and mixed women, are in agreement with a study conducted in Rio de Janeiro that showed weight gain across a 10-year period was also greater among non-white women, even after adjustment for socioeconomic conditions throughout life (10) . The reasons for higher BMI among black women are unclear; previous analyses of the cohort data at 23 years did not suggest any differences in dietary (36) or physical activity (37) patterns compatible with the differences reported above.
Conclusions
Although based on cross-sectional data, the present results allow us to identify the periods of life in which individuals of both sexes are most susceptible to the effects of socio-economic conditions on nutritional status. Our results show income-dependent differences in BMI from childhood to adolescence in both males and females, suggesting therefore that socio-economic conditions can have an effect on the prevalence of overweight and obesity. These differences are complex, being initially related to greater prevalence of undernutrition in the poor during early life. As cohort members grew in a rapidly changing society -including major changes in diet and physical activity -these socio-economic patterns in anthropometric status changed and some of the earlier differentials were reversed. When interpreted in the light of the nutritional profile of the Brazilian population (30) , our results indicate the need for public policies based on an understanding of the complex changes in the nutritional status of different social strata.
